BIOCHEMICAL SOCIETY TRANSACTIONS treatment with carbenoxolone sodium resulted in thc increase of free and bound sialic acids to those values found in normal subjects, but no increase above control values was observed. The work now reported shows that treatment of normal adult rats with carbenoxolone results in significant increases in a number of components of the gastric mucus and mucosa. This may be related to the mechanism of the ulcer-healing action of the drug, and may provide a biological model for the evaluation of ulcer-healing potential.
Comparisons of hepatotoxicity (Calligaro et ul., 1968 (Calligaro et ul., , 1970 and pro-oxidant effect (Slater & Sawyer, 1971 ; Slater, 1972; Glende & Recknagel, 1972) of CCI, and CBrCI, have been presented during recent years. Investigations in our laboratory extended these studies and confirmed the expected inverse relationship between bond dissociation energy and liver injury (E. Burdino, V. Vannini, A. Calligaro, E. Gravela & G. Ugazio, unpublished work) . Several other halogenoalkanes. e.g. CHCI=CC12, CH2C12, CBrF2-CBrF2 and halothane are provided with a much lower tendency to cleave homolytically. However, they cannot be neglected from a toxicological point of view because their poisonous effects can be potentiated by 'inducing' conditions and because they are widely distributed in a multitude of industrial uses and in medical practice (anesthaesiology). Hepatorenal toxicity and addition properties of CHCI=CCl2 have been reviewed by Huff (1971) . The metabolic effects and the possible potentiation of the toxicity induced by these halogenoalkanes have been investigated by Stier ef al. (1972 ), Zimmerman et al. (1971 ), Hughes & Lang (1972 ), Brown (1972 ), Stenger & Johnson (1972 ), Rietbrock et al. (1972 ) and Ross & Cardell (1972 .
The present study was carried out with the aim of extending to the less reactive halogenoalkanes the same biochemical parameters used with CCI, and CBrCI3.
Male albino rats of the Wistar strain (female when indicated) were given halogenoalkanes either by mouth or by inhalation. In some experiments a preliminary administration of phenobarbital (discrete doses of 5, 5 and 8mg/100g body wt., intraperitoneally. at zero time and then 6 and 24h later respectively, with a 48 h interval before poisoning) or propan-2-01 (4.2mmol/lOOg body wt., orally, 1811 before poisoning) was carried out. Starvation periods of 12 and 6h preceded and followed the poisoning respectively. Mineral oil was added as carrier when doses of halogenoalkanes smaller than 1.29mmol/lOOg body wt. were used. Rats were treated by inhalation in an exposure chamber (Perspex), air-tight, made free of C 0 2 by the presence of aqueous KOH and supplied with O2 by a pneumatic reservoir. Double-bond shifting in liver microsomal lipids was monitored by determining the U.V. spectrum by the procedure reported elsewhere (Ugazio et a/., 1971 ; Ugazio, 1973) . Hepatic triglycerides were determined by the method of Van Handel & Zilversmit (1957) after extraction of total lipids with chloroform-methanol mixture (Folch et a/ (Table 2) induced by these two strongly reactive halogeno derivatives of methane appear to be inversely related to their bond dissociation energy. However, no evidence for lipoperoxidation in vioo has beenobtained in hepatic microsomal fraction of rats poisoned with CHCI=CCI, or CH2Cl2 after a preliminary treatment with phenobarbital. Exposure to halothane (10000p.p.m. in pure 0 2 ) for 2h results in a moderate double-bond shifting of microsomal lipids only when animals are pretreated with the barbiturate. The potentiation of CHCI=CCI,-induced fatty liver is more evident in females than in males, according to the sex-dependence of phenobarbital effect on CS2-induced fat infiltration (Ugazio et al., 1971) . No steatogenic effect is elicited by repeated inhalations (five daily exposures of 2 or 3 h to CHCI=CCl2 or halothane), although the 539th MEETING, UXBRIDGE treatment was carried out along with daily administrations of propan-2-01. None of the studied halogenoalkanes enhances serum aspartate aminotransferase activity when administered by mouth or by inhalation, although in the presence of 'potentiating' treatment. However, a relatively small dose of halothane gives rise to a remarkable increase in serum aspartate aminotransferase activity provided that it is given intraperitoneally. This behaviour explains the apparent disagreement between our findings with intragastric (orally administered) halothane and the findings reported by Zimmerman et al. (1971) . Lethal effects of CHCI=CC12, CH2CI2 and halothane are comparable with those of CCI, as far as dose size is concerned. However, these solvents kill the animals more quickly than CCI4, and death possibly depends on anaesthetic overdosing rather than on metabolic effects like those elicited by CCI4 or CBrCI3. Orally administered CBrF2-CBrFz does not show lethality up to 10.32mmo1/100g body wt., whereas 5.16mmol/1OOg body wt. given intraperitoneally kills the animals during a long lag period (96h). At the same time this halogenoalkane enhances serum aspartate aminotransferase activity in both the experimental conditions. This feature suggests that death could be mediated by metabolic effects rather than by overdosing with anaesthetics.
Our results show that neither CHCI=CC12 nor CH2C12 can be regarded as a strongly reactive inducer of free-radical formation. Their steatogenic effect occurs only after phenobarbital pretreatment, which in itself causes fatty liver (Chalvardjian, 1970; Ugazio et al., 1971 ) through enhancement of the diglyceride acyltransferase activity in rat liver (Young et al., 1971) . No preliminary treatment, with phenobarbital, stimulator of CCI, toxicity (Garner & McLean, 1969 ; Rao e t a l . , 1970), or with one of the aliphatic alcohols that have been found to render necrogenic otherwise ineffective doses of CCI4 (Cornish & Adefuin, 1967) , succeeds in elevating serum aspartate aminotransferase activities after exposure to either CHCI=CCl2 or halothane. Further, the absence of liver injury in rats exposed to CHCI=CCI2 inhalations rules out possible toxic effects for the rat by photolysis products of this compound (e.g. the more harmful CCI-CCI, according to Huff, 1971) . Halothane has been regarded by some investigators (von Hecker et a/., 1971) as an ineffective compound for liver microsomal enzymes, but it is expected to alter lipid metabolism, according to Teschke & Oehmig (1972) . Repeated anaesthesia with this halogenoalkane produces hepatic necrosis in guinea pigs (Hughes & Lang, 1972) . However, it seems to 'induce' the liver microsomal enzyme system (Rietbrock et al., 1972; Ross & Cardell, 1972) . The very mild pro-oxidant effect of halothane, shown by Brown (1972) and Reynolds & Moslen (1973) , has been confirmed during the present study. Double-bond shifting in liver microsomal lipids depends strictly on both phenobarbital treatment and the presence of pure O2 during halogenoalkane administration. To a certain extent it could explain liver injuries rather than induction of microsomal enzymes.
Drug interaction between barbiturates and anaesthetics can represent a harmful development during surgical treatments, as indicated by both case reports (Richey & Smith, 1972; Reynolds et al., 1972) and experimental work (Cascorbi & SinghAmaranath, 1972; Stier et al., 1972) . This is true for anaesthetics other than halothane, e.g. Fluoroxene (2,2,2-trifluoroethyl vinyl ether), Methoxyfluorene (2,2-dichloro-l,ldifluoroethyl methyl ether) or halothane metabolites such as trifluoroacetate. Our study shows that both CHCI=CC12 and halothane are relatively harmless when administered to rats by inhalation. Oral or intraperitoneal administration of these compounds, as well as of CBrF2-CBrF2, elicits liver toxicity and lethal effects, depending on the administered dose. Feo (1967) found functional changes that could be related to high fragility and to an increased resistance to deformation and stretching. Mitochondria enriched in virro with cholesterol (Graham & Green, 1970) show similar patterns of alterations. Cholesterol is an important component of subcellular particles and it plays a significant role in stabilizing the arrays of phospholipids in membranes (Graham & Green, 1970) . On the other hand lipid-lipid interactions regulate the protein conformation within the lipid environment of membranes. We decided to study the cholesterol composition of mitochondria and microsomal fraction isolated from normal liver and hepatomas. The phospholipid composition in the same particles was also studied.
Female Buffalo rats and Long-Evans rats were used for the transplantation respectively of Morris 5123 hepatoma and Yoshida AH-130 hepatoma, and as sources of normal livers. Three-times-washed mitochondria were isolated as previously described (Feo et al., 1 9 7 3~) .
To isolate the microsomal fractions, the postmitochondrial supernatants were centrifuged at 250000g-min and washed once; microsomal fractions were sedimented from the supernatants at 6 x 106g-min. The absence of erythrocytes was
